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Abstract 


The possibility of Lorentz symmetry breaking has been discussed in many models of quantum 
gravity. In this paper we followed the Lorentz violation model in Ref. [1] to discuss the Doppler 
frequency shift of photons and the Compton scattering process between photons and electrons, 
pointing out that following the idea in Ref. [1] we have to modify the usual quantum relation of 
photons involved in the Doppler effect. But due to the current limited information and knowledge, 
we couldn’t yet determine the specific expression for the correction coefficient of the quantum 
relation of photons. However, the phenomenon of spontaneous radiation in a cyclotron maser give 
us an opportunity to see what the expression for this correction coefficient might look like, as the 
phenomenon of spontaneous radiation in a cyclotron maser can be explained by the Doppler effect 
of virtual photons and the Compton scattering process between virtual photons and electrons 
(or other particles). Therefore, under some restrictive conditions, we construct a very concise 
expression for this correction coefficient by discussing different cases. And then we used this 
expression to analyze the wavelength of radiation in the cyclotron maser, which tends to be a 
limited value at v — c, rather than to be 0 as predicted by the Lorentz model. And we also 
discussed the inverse Compton scattering phenomenon and found that there is a limit to the 
maximum energy that can be obtained by photons in the collision between ultra-high energy 
particles and low-energy photons, which conclusion is also very different from that obtained from 
the Lorentz model, in which the energy that can be obtained by the photon tends to be infinite as 
the velocity of particle is close to e. This paper still inherits the idea in Ref. [1] that the energy and 
momentum of particles (i.e., any particles, including photons) cannot be infinite, otherwise it will 
make some physical scenarios meaningless, and this view is also from the idea in some quantum 
gravity models. When the parameter Q characterizing the degree of deviation from the Lorentz 
model is equal to 0 , all the results and conclusions in this paper will return to the case as in the 
Lorentz model, so this paper also provides us with a possible experimental scheme to determine 
the value of Q in Ref. [1], although it still requires extremely high experimental energy. 


Keywords: Lorentz model, the speed of light, Lorentz violation, Doppler effect, Compton 
scattering, inverse Compton scattering, quantum relation 
1. Introduction 


The study of quantum gravity has always been a frontier and hot topic in fundamental physics, 
the main reason is that people find that black holes have singularity problem, information loss 
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problem, and also find that general relativity and quantum theory are incompatible under the 
current framework [2-5]. The starting point for many quantum gravity models is the belief that 
Lorentz symmetry may be violated at ultra-high energy scale, such as near the Planck energy scale. 
The most typical model to hold this view is the double special relativity model (DSR), which not 
only considers the speed of light to be a constant, but also introduces another constant called 
“minimum length or maximum energy”, which leads to a modification of the energy-momentum 
dispersion relationship of particles at extremely high energy scale [6, 7]. The research on the DSR 
model can be seen in many literature, and which is believed to be able to solve some difficult 
problems in the ultra-high energy field [8-13]. 

However, the DSR model has an obvious disadvantage that it is not concise enough. The 
equation describing the dispersion relationship of particles usually contains many parameters, for 
example, in the DSR model, the dispersion relationship of particles at Planck energy scale is usually 
expressed as E? = p? + m? + nL¢p’E* +O (Let! E°*), where Lp denotes the ” Planck length”, a 
is a positive integer and 7 is a real number [8]. Since the physical meaning of these parameters is 
not clear [14], many researchers only take one or two of these parameters to study. For this reason, 
Ref. [1] proposed another possible Lorentz violation model, which contains only one parameter 
in the equation describing the dispersion relationship of particles. More importantly, the Lorentz 
violation model proposed in Ref. [1] naturally returns to the Lorentz model at low and medium 
energy scale, and when the velocity of particle is close to c the energy of the particle tends to be 
a limited value (which is similar to the DSR model), rather than to be infinite as predicted by the 
Lorentz model. In order to clarify the purpose and viewpoint of this paper, we can first briefly 
review the Lorentz violation model proposed in Ref. [1]. 

In Ref. [1] it assumed that the speed of light observed by an observer moving with velocity v 
relative to the light source is ne, where n is variable or invariable value independent of the direction 
of v and c. and n(v = 0,c) = 1. Thus based on this assumption the coordinate transformation 
between two inertial systems moving with each other at a relative velocity v is 


xz’ = y(x — vt) 


fay (t E rar) (1) 
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where 7(v,c) = 1/\/1 — v?/k?, klv, c) = \/nve?/(ne — c+ v). And the value of n is indepen- 
dent of the direction of v and c. 

From Eq. (1) one can obtain that if da/dt = c, then da’/dt’ = ne, and if da’/dt’ = c, then 
da/dt = ne, which ensures that the two inertial systems are equivalent. 

Eq. (1) is similar in form to the Lorentz transformation, and it has been shown in Ref. [1] that 
Maxwell’s equations are also covariant based on Eq. (1). And at the same time, correspondingly, 
the dispersion relation of particle with rest mass mo, compared to the form as in the Lorentz 
model, is modified as 

E? = pk + E? (2) 
Where Ey = mok?, E = ymok? denotes the particle’s total energy, p = ymov denotes the particle’s 
momentum, and y¥(v,c) = 1/sqrt (1 — v?/k?) ,k(v, c) = sqrt [nve?/(ne—c+v)]. 

Next, some people may easily find the problem that if the dispersion relation of particles is 
modified as Eq. (2), then the usual quantum relation of photons (see Eq. (3)) should also need 
to be modified, correspondingly. The reason is that for massless particle, the dispersion relation 
is E = pk rather than E = pce based on Eq. (2). Secondly, in Ref. [1] it allows the speed of 
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light is variable between inertial systems (especially it allows the observed speed of light tends to 
be 0 when the speed of light source relative to the observer is close to c ), so the usual quantum 
relation of photons (i.e., Eq. (3)) will no longer be applicable in this case. 


(ey o 


Where h is the Planck constant, f and À denotes the frequency and wavelength of light, respectively. 

Therefore, this is the issue to be discussed in this paper. However, one may wonder why we 
need to modify the quantum theory when it has been so successful so far. The answer is that 
our current quantum theory is based on Lorentz symmetry, and if the energy is high enough that 
the Lorentz symmetry is obviously broken, the quantum theory should be modified. One piece 
of evidence is the proposal of various models of quantum gravity, which aim to explore the new 
physics that may emerge when energy is pushed to a very high level. 

However, when we try to construct or find such a quantum relation of photon that satisfies 
Eq. (2), we found that it is very difficult to determine the specific expression, for that the set of 
expression satisfying E = pk is large. But fortunately, a physical phenomenon in the cyclotron 
maser called synchrotron radiation can give us a glimpse of what this expression might look like. 

In Ref. [15-17] the author discussed the phenomenon of spontaneous radiation and synchrotron 
radiation in a cyclotron maser using the concept of virtual photons. By considering the Doppler 
effect and Compton scattering effect of virtual photons, the author obtained the formulas of spon- 
taneous radiation and synchrotron radiation in the cyclotron maser, which are same as the classical 
theoretical results. Inspired by the idea in Ref. [15-17], in this paper we first discussed the re- 
strictive conditions for the modified quantum relation of photons, and then based on which we try 
to find a possible correction expression for the quantum relation of photons that satisfies Eq. (2). 
And further discussed the effect of this modified quantum relation of photon on synchrotron radi- 
ation in the cyclotron maser. This paper was thus organized as follows. In Sect. 2, we discussed 
the Doppler effect of photons based on Ref. [1], and in Sect. 3 we discussed the corresponding 
Compton scattering effect of photons. In order to apply the Doppler effect and Compton effect 
of photons to a physical phenomenon at the same time, we choose to analyze the spontaneous 
and synchrotron radiation phenomena in a cyclotron maser, which is shown in Sect. 4, and at the 
same time we discussed the possible correction coefficient of the quantum relation of photons. In 
Sect. 5 we discussed the inverse Compton scattering phenomenon and pointed out the difference 
in predicted results between the model in Ref. [1] and the Lorentz model. Finally we summarized 
the paper. 


2. Doppler effect of photons 


As we know that the frequency of light emitted by a light source is different when measured in 
a moving inertial system relative to the light source, which is called the Doppler frequency shift 
effect. As shown in Figure 1, if the inertial system S” moves along the æ (x’)-axis with velocity v 
relative to the inertial system S, and the frequency and wavelength of light emitted by the light 
source fixed in S’ is fọ and Ag, respectively. At the same time we assume the angle is 6 between 
the direction of light propagation and the a’-axis. Then based on the conclusion in Ref. [1], for 
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Figure 1: Doppler effect for moving light source. 


the observer in S the clock period of the light source will slow down as 
Ti 
= = 
\/1 — p? 

Where 6 = v/k,To and T represent the clock period measured in S’ and S, respectively. And 
To = 1/fo, Aofo = c. 

On the other hand, as the light source is moving relative to the observer, the observed wave- 
length of light in S is 


(4) 


A = neT — (v cos 0)T (5) 
Where n = n(v cos0, c). 
From Eq. (4) and (5), we can obtain 


fare = VS fo 


FE 1— v cos 0 
= v cos 0 À 
Where f and À is the frequency and wavelength of light measured in S, respectively. 
Eq. (6) shows the corresponding Doppler effect based on the conclusion in Ref. [1], and it can 
be seen that when n = 1 Eq. (6) returns to the usual case as in the Lorentz model. 
Based on Eq. (6) we next discuss a special case where 0 = 0 (if 0 = 7/2, then n(0,c) = 1, Eq. 
(6) returns to the case as in the Lorentz model), in this case one can obtain that 


(6) 


(7) 


Here it should be noted that n = n(v,c) in Eq. (7) due to vcos@ = v. 

Based on Eq. (7), one may notice that when v = nc, \ = 0 and f tends to be infinite, which is 
similar to the property of shock wave in acoustic Doppler effect. From Ref. [1] we can obtain the 
condition satisfying the shock wave of light, that is, according to Ref. [1], when v ~ c, there is 


n=- 5h-@ -(2)"] = = fi — Q(#2)0-9)] x o ji- ge] ~ ao (1 - e) 
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Figure 2: The curve of n(v) ~ v when taking Q = (1/e) ( set c = 1). Since here it shows the global picture of 
the curve, a transition arc at the corner is too small to show [1]. 


Where Q is a constant and its value needs to be determined by the experiment. As mentioned in 
Ref. [1], we do not yet know the specific value of Q because the current experimental energy is 
not enough, but it can be known from a large number of existing experimental results that Q ~ 0. 

As already explained in Ref. [1] that the reason why n is chosen as the form in Eq. (8) is that 
the function of Eq. (8) can be well consistent with various experimental results conducted at low 
or medium energy scale at present. And also importantly, Eq. (8) is very concise for it has only 
one parameter Q. Here let’s re-show the curve of n ~ v as Figure 2. 

n can be viewed as the degree to which the speed of light observed by the observer in a moving 
inertial systems relative to the light source deviates from c. As can be seen from Figure 2, n is 
almost equal to 1 in large range of v. And it’s this property of n that’s why it fits well with various 
experimental results conducted at low or medium energy scale at present. When Q = 0, n = 1, 
and correspondingly, Eq. (1) and Eq. (2) return to the case as in the Lorentz model. 

So for v = ne, there is ; 

Uwave shock © Gap TE SE 9 
LEENE] (9) 
Where Vwave shock iS the solution for v = ne and Eq. (9) is just the condition for generating a 
shock wave of light. 

Similarly, we can express the Mach cone of light as in Figure 3, and where a is the angle of 
cone. 

In Figure 3 the spatial distribution of the speed of light along the center of the light source sat- 
isfies the following curve equation p = n(vcos 0, c)c in polar coordinates. When v > Uwave shock, a 
reverse timing sequence will occur. But as we know, the timing sequence can be reversed in 
independent events without violating the law of causality (but not in dependent events). 


Figure 3: Geometric diagram of the Mach cone of light. 


3. Compton scattering 


We know from the Compton scattering process that light can be regarded as a particle (i.e., 
photon), in the theory of special relativity, the energy and momentum of photons can be expressed 
by Eq. (3). However, if we substitute Eq. (7) into Eq. (3), we can obtain 


E 
— =e (10) 
P 

Eq. (10) does not agree formally with Eq. (2), for that based on Eq. (2), for massless particles 
there is E = pk. So we should modify the quantum relation of photons if we followed the idea in 
Ref. [1]. Here we assume the modified quantum relation as 


l raa (11) 


p= a2) 


Then based on E = pk we have aı/a2 = k/n. But unfortunately, there doesn’t seem to be any 
information or knowledge to be used to help us to specify the expression for a, and av. 

Next we attempt to discuss the Compton scattering process between photons and electrons 
based on Eq. (11), and the corresponding diagram can be seen in Figure 4. Here for simplicity, 
we assume the electrons are stationary relative to the laboratory before the collision occurs. 

According to the diagram of interaction between photon and electron in Figure 4, we can set 
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Figure 4: The diagram of Compton scattering. 


out the following energy conservation and momentum conservation equations 


aih fo + Moc? = a hf + mk? 


23, = a’, cos 6 + mv cos ġ 

a’, sind = mv sing (12) 
ak 

a n 

A w 

ab n! 


Note that in Eq. (12) a1, a2, k,n, a‘, a5, k’,n’ are both functions of v and c. And Eq. (12) can 
be approximately simplified, that is, when v < c, k ~ c, and when v ~ c, there is 


2 
lim k = lim 4f —~—— m| = (13) 
vec vc ne—c+v 


= 


Due to Q ~ 0, then based on Eq. , when v ~ c, there is k ~ c. That is, for v € [0,c), 
there is k ~ c. So we can assume k ~ a xc -T the time for Eq. (12). Then based on Eq. (12) we 
can obtain 


x : (1 — cos6) (14) 


Q a2 moc? a Moc 


where mg is the mass of electron. 

Above we obtained the formula of Doppler frequency shift and Compton scattering satisfying 
Eq. (2), but we do not yet know the specific expressions for a; and aj. What we can do next is put 
the two formulas into real physical situations to see what the expressions for a, and az might look 
like. And fortunately, the phenomenon of spontaneous and synchrotron radiation in the cyclotron 
maser just provide such a physical application. 


4. Spontaneous radiation in cyclotron maser 


Cyclotron maser is a kind of device with high peak power and high average power in millimeter 
band and sub-millimeter band. After several decades of efforts, the mechanism, experiment design 
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and numerical simulation subjecting to the cyclotron maser have been analyzed extensively [18- 
23]. For example, in Ref. [15-17], the mechanism of Compton scattering of virtual photons is used 
to analyze the spontaneous radiation in a cyclotron maser (In the theory of spontaneous radiation 
for the free electron laser, the periodic static magnetic field in the oscillator is also regarded as 
virtual photons, which are then converted into real photons by Compton scattering with high- 
energy particles [24]). Inspired by this idea, now we will revisit the discussion on spontaneous 
radiation in a cyclotron maser using Eq. (6) and Eq. (14). 
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(a) The laboratory system (b) The particle system 


Figure 5: The relative motion between magnetic fields and charged particles [15]. 


In the laboratory system, we set the charged particle have a charge of q, a rest mass of mo, 
a velocity of v perpendicular to the magnetic field B. Then in the laboratory system, the spiral 
motion of the charged particle in a magnetic field has a period of 


2rR 27M 
v Bqy/1 — p? 


As shown in Figure 5b), we construct an inertial systems S’ that is stationary relative to the 
particle and the direction of v is parallel to the z’ axis. Based on the relativistic transformation, 
there will be both magnetic and electric fields in S’. And based on the “moving ruler” effect, in 
S’ the track perimeter of the magnetic field in reverse spiral motion around the charged particle 
becomes 27 R/y, then correspondingly, its cycle period is 


T, = (15) 


Ie 


= TRA ot, (16) 


(a) The particle system S” (b) The laboratory system 


Figure 6: Angle definition in Compton scattering. 


According to Ref. [15], since the photon in Eq. (16) cannot be observed in the laboratory 
system, but can only be observed in S’ due to the relativistic effects, the photon can be regarded 
as virtual photon. Next, we will consider the Doppler effect of virtual photon as the electric and 
magnetic fields that vary periodically both move at a velocity —v relative to S’. Now first we define 
the angle shown in Figure 6, that is, in the particle system S”, 6,’ denotes the angle between the 
direction of virtual photon propagation and the 2’ axis, 64 denotes the angle between the direction 
of the scattered photon propagation and the z’ axis, y’ denotes the scattering angle. Q’ is the 
angle between the plane formed by the direction of virtual photon propagation and the z’ axis 
and the plane formed by the direction of scattered photon propagation and the z’ axis, and in the 
laboratory system, 6; denotes the angle between the direction of virtual photon propagation and 
the z axis, 62 denotes the angle between the direction of the scattered photon propagation and the 
z axis, y denotes the scattering angle. Q is the angle between the plane formed by the direction 
of virtual photon propagation and the z axis and the plane formed by the direction of scattered 
photon propagation and the z axis. Therefore, based on Eq. (6) we can obtain the wavelength of 
virtual photons in the particle system S” as the source of the virtual photon is moving at a velocity 
—v relative to the particle system (setting c= 1 ) 

/ 
= ap tai E — cos (x — 64) (17) 
vin 
where Ad’ = cT? = cT./7 corresponding to Eq. (4) and n = n (v cos (m — 01), c). 

Virtual photons can be scattered and radiated out as real photons, and based on Eq. (14) the 

wavelength of radiated photons satisfies 


MY NM h 
= N 1— ; 18 
Tn EY gy cose) (18) 


A1 


where à, denotes the wavelength of radiated photons. 
Again, using the Doppler formula in Eq. (6), we can obtain the wavelength of radiated photons 
observed by the observer in the laboratory system 


O A i v 
A2 = J-e f = ao a) (19) 
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where n’ = n (v cos b2, €). 

Since Q ~ 0,a1,a2 in Eq. (11) should have a; ~ 1,a2 ~ 1 at low or medium frequency shift 
(That means that the light source is not moving very fast). And on the other hand, since the 
Compton wavelength of the charged particle is generally much smaller than cT,, then we can 
assume a ~ 1 in Eq. (18). So based on Eq. (14)~(19), we can obtain 


A2 = 


n’ — v cos by | n 
J1- 


As stated in Ref. [1] that, the formal difference between the proposed model in Ref. [1] and 
the Lorentz model is that replacing c in the Lorentz model by k can obtain the model in Ref. [1]. 
So the formula of aberration of light here can be obtained 


V / h 1 
e ( ! Z cos Oi) + Pascale (20) 


1 _ cosd—B 
cos 0! = 1B cosd (21) 
sin 6! = sin 0 
y(1—8 cos 6) 


Where 0 = 6; or 6 =b or 0= 20. 
On the other hand, according to the geometric definition in Figure 6, one can obtain the 
following geometric relationship 


cos y’ = cos 0) cos 04 + sin 0; sin 64 cos Q’ 


22 
cos Y = cos fı cos 0a + sin 6; sin 0x cos Q (2a) 
Substituting Eq. (21) and (22) into Eq. (20), then 
n — v cos b2 n k B cos 81 — 8? h 1 — cos 
`= Te— (1 V1 -— B2(n— 0 
2 /1 -8 | =( Ta 1 — 8 cos 01 Tia oO) (1 — 8 cos 01) (1 — £ cos 62) 
(23) 


Eq. (23) is just the wavelength of spontaneous radiation of a charged particle in a Cyclotron 
Maser that is observed by the observer in the laboratory system. At low or medium frequency 
shift, there has n ~ 1,az ~ 1, k © 1, then Eq. (23) returns to the following equation 


1 — 8 cos 02 h 1 — cos Y 
Ay = Taf 1 — 82 4/1 — 62 — 24 
2 Era © pe MISio (24) 


Which corresponds to case as in the Lorentz model. 

But here we’re more interested in what happens at ultra-high frequency shift. First it reminds 
us that due to it allowed v € [0,c) in Ref. [1], when v = ne the energy of the scattered virtual 
photon in Eq. (12) maybe infinite because of A4 = 0 unless we assume 


V 
u= Inv 
E v (25) 


as = "a, S na, = ni 
2 = %1 na, 2 
cC 


Where V = v cos, n = n(V,c),0 is the angle of direction between v and c. 
Eq. (25) is motivated by the following considerations 
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1) Since the expression of A in Eq. (6) have the term [1 — v cos@/(ne)|, which let A = 0 under 
the condition of v = ne and 0 = 0, and A = 0 will make the energy of the virtual photon to be 
infinite, which will make Eq. (14) invalid. So in order to avoid that, we hope az in Eq. (11) have 
the term [1 — vcos@/(nc)] to cancel out this same term in A. 

2) On the other hand, we also want to extend Eq. (23) to the case where v —> c, and in this 
case, according to Ref. [1] we know that 


. 1—v/c — 
{ limys¢ =L = a5 (26) 
Eq. (26) reminds us that in order to avoid in the case where v — C, dz is infinite, we can 
replace v/c by nv/c for az, then for v > c, the expression of 1/(1 — nv/c) tends to 1 instead of 
the expression of 1/(1—v/c) tends to be infinite, which argument seems a little hard to understand 


here, we can see how it works in the following 
Substituting Eq. (25) and Eq. (6) into Eq. (11), one will obtain 


E = ahf = ahh 
p xE 


ala 


= az? = 

Based on Eq. (27), it has 

a) limye E = ah f = V1 — 8/1- nV )h fo = V1 — Bh fo = V (Q — 1)/(2NQ)hfo 

and p = E/k x E. 

b) limy-. E = ah f = y1 — 62/1 +nV)hfo = y1 — Bh fo = (Q — 1)/(2 m Q)h fo 

and p = E/k x E. 

In the Lorentz model, as we know that for the case where V — c, E tends to be infinite, 
however, the above we constrain E to be a limited value that even if in the case where V = nc, f 
is infinite and A = 0, but E = \/1— 82/ (1 — V wave shock 2) h fo is also a limited value. It is the 
limited energy and momentum that makes Compton scattering meaningful. 

3) In addition, it has been stated above that due to Q ~ 0 it should have a; = 1, a2 ~ 1 at low 
or medium frequency shift, which means that it should return to the case as in the Lorentz model 
at low or medium frequency shift. 

Based on the three key considerations above, we construct the expression for a; and az as Eq. 
(25). One may consider other possible expressions for a, and az, but after many attempts we 
found that Eq. (25) is the most concise expression that satisfies the above three requirements. So 
here in this paper we will just try to use this expression to analyze the phenomenon of synchrotron 
radiation in the cyclotron maser. 

Now we have known that Eq. (23) returns to Eq. (24) at low or medium frequency shift. Thus 
next we will discuss the case where v — c, and in this case we can obtain 02  1/y ¥ 0, then Eq. 
(23) can be written accordingly as (setting c = 1 ) 


o nv kBcost:—f?\| h ma 1 — cos y 
= Jae [eas (+7 ee) + on *) Boosh) =p) (28) 


Where n’ = n (v cos 62, c) ~ n(v, c), and 


1- ay 1 ae v cos 04 1 ai 2 a 
N = = 
= "IZ nv cos (7 — 01) be ery 1 1 + ny 28-8 


1—8 cos 61 
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When 6; = 0, cos 4, = (1 — 8)/(1— 8) = 1, then it means 0} = 0, so n = n (v cos (m — 64), c) = 
n(—v,c) = n(v,c) in Eq. (17). Then we can obtain 


lim Ay = lim — mega (1. 2) ON p E 
n mMo 


n+v 1- £} 
Te n(n-v)l +w) Te Yb OE EY) a Eddiem o 


vl /1— p? n+v „1-8 nto mo RET 


In Eq. (30) the following equation from Ref. is used 


l1—v Q-1 
— — 2 = = = 
lin Z = im VT = im yf? BV OT) Vomg 8) 


Where the expression for n is shown in Eq. (8) 
On the other hand, when 6; = m, cos) = (— T — B)/(1+ 8) = —1, then it means 6; = 7, so 
n =n(vcos(m — 6) ,c) = n(v, c) in Eq. (17). Then we can obtain 


n—v nk(1 — nv) k h 1 — cosy 
li Me = in FG [BTS (1-59) -AV Pl OE 


= Tim (l — nv) - ak — nv) 8 - — T= Pn v) 
0 — 


2InQ h [Q-1 1—cosy (32) 
WaT a ae IO 2 
; (1—/1- $3) 


In Eq. (30) and Eq. (32) we obtained a negative value because of the timing sequence is 
reversed due to the effect of shock wave of light as stated in Sect. 2. And it can be observed in Eq. 
(30) and Eq. (32) that when v = n, A2 = 0 (As shown above, although Az = 0 in this case, both 
the momentum and energy of the photon are a limited value), and when v € (n, 1), A2 increases 
dramatically and tends to be a limited value (due to Q ~ 0 ), which is obviously different from the 
results predicted by the Lorentz model that in the case where v — c, the observed wavelength of 
light by the observer in the laboratory system is close to 0 regardless of the location one observed 
(correspondingly, the momentum and energy of the photon are infinite). 


5. Inverse Compton Scattering 


The interaction between photons and other particles is often occurred in high energy field, 
for example, the interaction between gamma-photons and nuclei, the interaction between gamma- 
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photons and nucleons, etc. The scattering between extremely relativistic particles and photons is 
called inverse Compton scattering process, for that photons can obtain energy from particles in 
this process. 

Unlike the Compton scattering process, in which the particles are basically stationary, in the 
inverse Compton scattering process the particles are extremely relativistic and move at very high 
speeds. However, the method of deriving the relationship between the scattered photon and the 
incident photon is the same, that is, they all use the law of energy conservation and momentum 
conservation shown in Eq. (12). First we can build an “electron-rest reference frame” S’ that 
moves along with the electron (here we analyze the interaction between photons with electrons). 
In S’, the collision between photons and electrons satisfies the Compton’s formula as Eq. (18) 

A} 7 A1 h 


x 1— í 33 
2 A s Ea cosg) (33) 


Where à} and A.’ represent the wavelengths of incident and scattered photons observed in S” 
respectively, y’ denotes the scattering angle. 

Here we assume that both the observer and the light source are in the S inertial system, and 
that S is moving at a velocity v relative to S’, then based on Eq. (6) and Eq. (25) it has 


nce s/1— B? 
1 v cos 0 
a2 nm T (34) 


Where A; and À represent the wavelengths of incident and scattered photons observed in S 
respectively. 

Next we consider the case where 0 = 0 (for that in this case a maximum energy can be obtained 
by the photon from the particle), and correspondingly it has y’ = m. Since Eq. (33) describes the 
Compton scattering that occurs in S’, we can assume that ab = 1. 

Then based on Eq. (33)~ (34), the observer in © can observe the scattered photon with 
momentum P» 


h n—-v h 1 h 
P, = az = = 1 oh ` (35) 
Ag 1-nv „no 2h 4 (1 — nw) Pa Oa 
When n = 1 Eq. (35) returns to the case as in the Lorentz model. 
From Eq. (35) it can be seen that when n = v, P2 has a maximum value, that is 
prax 1 h 7 h 
20 h A ~ 
l= nv a a + (1 E nv) Ia (nto) tt y1 — Uwave shock + Ay (1 — Uwawve shock ) 
(36) 


Where Uwave shock Comes from Eq. (9). 
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For the observer in S, if the observed energy of the electron is much greater than the observed 
energy of the incident photon, Eq. (36) can be further simplified as 
max V2mo 


P x% 37 
i 8/1 — Uwave shock ( ) 


And what we’re more interested in is that what happens if v > c, in which case n — 0, then 
based on Eq. (35) we can obtain 


in Pa i 1 a Ma — 2InQ 
Vea P oim Q^ 

As one knows, in the Lorentz model, as the velocity of the electron is close to the speed of 
light, the maximum energy that a photon can obtain through inverse Compton scattering process 
tends to be infinite. However, if Q is not equal to 0 (when Q = 0, then n = 1 and the model 
discussed above will return to the Lorentz model), then the maximum energy that a photon can 
obtain through inverse Compton scattering process will have a limit, which is shown in Eq. (37), 
and when further the velocity of electron is high enough to be close to c, the maximum energy that 
a photon can obtain instead drops to another non-zero and limited value, which is mainly due to 
the property of n. 

In recent years, the mechanism of high energy radiation of blazars have been studied extensively 
[25-31]. One model used to explain this mechanism is the lepton origin model, which considered 
that the high energy radiation comes from the inverse Compton scattering process between rela- 
tivistic electrons and low energy photons [29-31]. Since some special objects with extreme physical 
properties, such as the blazars, can produce extremely relativistic particle jets, and the microwave 
background radiation (CMB) provides natural low-energy photons, we are looking forward to test- 
ing the value of Q in future experiment on the ultra-high energy radiation, for that whether the 
value of Q is 0 will have a very different effect on the ultra-high energy radiation spectrum, which 
is shown in this section. 


(38) 


6. Summary 


The Lorentz violation model is widely studied in the ultra-high energy field in recent years, 
especially is considered in various models attempting to unify the general relativity and quantum 
theory [32? -37]. Among them Ref. [1] proposed a possible Lorentz violation model that the speed 
of light is relate to the speed of light source and thus may changes between inertial systems. The 
key idea in Ref. [1] is that in the case where v > c the energy or momentum of the particle have a 
limited value (i.e., the time or length scaling factor limit is J 2InQ/(Q — 1), and correspondingly, 


the energy limit of a particle with rest mass mo is moc?\/2InQ/(Q — 1)/[1 — 0.5(Q — 1)/In Ql) 


rather than be infinite predicted by the Lorentz model. The model in Ref. [1] is similar to the 
famous rainbow model, but they are different, for that in Ref. [1] the energy limit of the particle 
is related to the rest mass of the particle, while in the rainbow model it is not, but is assumed 
to be a constant (the constant is usually considered to be the Planck energy or near the Planck 
energy). If we follow the viewpoint in Ref. [1] that the speed of light observed by an observer 
moving with velocity v relative to the light source is ne, then it will forces us to have to modify 
the usual quantum relation of photons involved in the Doppler effect. 
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By discussing the Doppler effect of photons based on the idea in Ref. [1], we found that light 
can also have shock phenomena (in vacuum) just like sound wave, and further we obtained the 
conditions for shock wave of light, that is, v = nc, and in the case where ne < v < c the timing 
sequence will be reverse, but it doesn’t violate the law of causality for that the timing sequence can 
be reversed in independent events (but not in dependent events). Then we discussed the Compton 
scattering process between the photon with the modified quantum relation as shown in Eq. (11) 
and the electron, and found that unless we define a suitable correction coefficient for the quantum 
relation of photons, the photons energy will be infinite in the case where v = ne, which makes 
it impossible to discuss the Compton scattering process between photons and electrons over the 
whole range of v € [0,c), in other words, because of the infinite energy of photon in the case where 
v = nc, the Compton scattering between photons and electrons will be meaningless. So in order 
to avoid that we defined a suitable correction coefficient for the quantum relation of photons to 
make the energy of photons have a limited value over the whole range of v € [0, c), especially in 
the case where v = ne or v > c. 

Here it should be noted that, due to the current limited information or knowledge we know, 
we are not yet able to obtain the specific correction coefficients for photon’s quantum relation 
satisfying Eq. (2), but we can obtain three key restrictive conditions for the possible correction 
coefficients, which is shown in Sect. 4. One may propose a lot of expressions for the correction 
coefficients satisfying the three restrictive conditions, but here in this paper after many attempts 
we construct a very concise expression for the correction coefficients, which as shown in Eq. (25). 

Then based on Eq. (25) we studied the spontaneous radiation in a cyclotron maser, for that 
the phenomenon can be explained by the concept of virtual photon. By analyzing the Doppler 
effect and Compton scattering effect of virtual or real photons, we obtained the wavelength of 
spontaneous radiation and synchrotron radiation in the cyclotron maser. The important conclusion 
is that we found in the case where v — c the wavelength observed by the observer in the laboratory 
system does not tend to be 0, which is derived from the Lorentz model and which means the energy 
and momentum of photon tend to be infinite, but tends to be a limited value. And even if in the 
case where v = ne, the wavelength is 0 , but the energy and momentum of photon are both a 
limited value, which ensures the Compton scattering is meaningful over the whole range of v € [0, 
c), since in Ref. [1] it allows v € [0,c). 

Further, we also discussed the inverse Compton scattering phenomenon based on Eq. (25), 
and found that there is a limit to the maximum energy that can be obtained by photons in the 
collision process between ultra-high energy particles and low-energy photons, and this case occurs 
when the particle’s moving speed satisfy V = Uwave shock. - When the velocity of particle is greater 
than Uwave shock and close to c, the energy that can be obtained by the photon decreases sharply 
and tends to be another limited value. This conclusion is also very different from that predicted 
by the Lorentz model, in which the energy that can be obtained by the photon tends to be infinite 
as the velocity of particle is close to c. 

In general, the basic idea of this paper is the same as that of Ref. [1], that is, to avoid the 
energy or momentum of particles (i.e., any particles, including photons) to be infinite, otherwise 
it will make the real physical situation meaningless in some cases, and which is also inspired by 
the idea of some quantum gravity models [34-37]. It is very important to emphasize that if Q = 0, 
then n = 1 and correspondingly, all the results and conclusions in this paper will return to the 
case as in the Lorentz model. So this paper also provides us with a possible experimental scheme 
to determine the value of Q, although it still requires extremely high experimental energy. 
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